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Launch v e h i c l e  m i s s i o n  a n a l y s i s  r e q u i r > e s  t h e  d e t e r -  
m i n a t i o n  o f  a t r a j e c t o r y  such  t h a t  c e r t a i n  m i s s i o n  o b j e c t i v e s  
be  s a t i s f i e d  b y  a p p r o p r i a t e l y  v a r y i n g  some i n p u t  p a r a m e t e r s .  
I f  t h e  number o f  i n p u t  p a r a m e t e r s  i s  e q u a l  to t h e  number o f  
m i s s i o n  o b j e c t i v e s ,  t h e n  t h e  problem i s  d e t e r m i n e d .  I n  a p r e -  
v i o u s  memorandum(l)*,  a " T r a j e c t o r y  and T a r g e t i n g  Computer Pro- 
gram" c a l l e d  Trak-1  was d e s c r i b e d .  Trak-1  i s  c a p a b l e  o f  hand- 
l i n g  a c a s e  h a v i n g  a number o f  i n p u t  p a r a m e t e r s  ( c a l l e d  " T a r g e t i n g  
Parameters")  e q u a l  to t h e  number of  m i s s i o n  o b j e c t i v e s  ( c a l l e d  
" T e r n i n a l  C o n d i t i o n s " ) .  S l iou ld  t h e  number of t ; a r g e t i n g  o r  i n p u t  
p a r a m e t e r s  exceed  t h e  number of  t e r m i n a l  c o n d i t i o n s  ( o r  m i s s i o n  
o b j e c t i v e s ) ,  t h e n  more t h a n  one s o l u t i o n  e x i s t s .  I n  t h i s  c a s e ,  
i t  i s  d e s i r e d  to d e t e r m i n e  t h a t  s e t  of  i n p u t  parameters t h a t  
w i l l  o p t i m i z e  some v a - i a b l e ;  f o r  i n s t a n c e  maximize p a y l o a d .  

Such a n  o p t i m i z i n g  f e a t u r e  has been  added to t h e  
" T r a j e c t o r y  and T a r g e t i n g  Computer Program" Trak-1  and t h e  
r e s u l t i n g  Computer Program d e s i g n a t e d  T r a k - 2 ;  " P l a n e t a r y  Launch 
T r a j e c t o r y  and O p t i m i z a t i o n  Computer Program". The new program c a n  
h a n d l e  any c a s e  h a n d l e d  b y  t h e  olc!er v e r s i o n  Trak-1 .  

F u r t h e r  improvements have been  i n c o r p o r a t e d .  They  p e r -  
m i t  t h e  u s e  of  v a r i o u s  models o f  p l a n e t a r y  a t m o s p h e r e s ,  g r e a t e r  
ease i n  mod i fy ing  t h e  i n p u t  b y  t h e  use  o f  t h e  "Namelist" f e a t u r e  
a v a i l a b l e  i n  F o r t r a n  V ,  and t h e  p o s s i b i l i t y  o f  p r e s c r i b i n g  v a r i -  
a b l e  p i t c h ,  t h r u s t ,  and l i f t .  

T h i s  memorandum i s  w r i t t e n  as a complement t o  t h e  o r i g -  
i n a l  T r a j e c t o r y  and T a r g e t i n g  Computer Program and some f a m i l i a r i t y  
w i t h  i t  i s  assumed of t h e  r e a d e r .  

"Numbers i n  p a r e n t h e s i s  a p p l y  to r e f e r e n c e s .  
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1. DESCRIPTION OF OPTIMIZATION PROBLEiYl 

The proSlem i s  b e s t  d e s c r i b e d  by u s i n g  t h e  f i r s t  
example g i v e n  i n  S e c t i o n  7 . 2  o f  (1). T h i s  example t r e a t s  a 
t h r e e  s t a g e  v e h i c l e  which i s  l aunched  i n t o  a 1 0 0  NM c i r c u l a r  
o r b i t .  The 1 0 0  Ni4 c i r c u l a r  o r b i t  d e f i n e s  t h e  t e r m i n a l  con- 
d i t i o n s ,  sometimes r e f e r r e d  to as m i s s i o n  o b j e c t i v e s .  They  
are  i n  t h i s  c a s e ,  a l t i t u d e ,  v e l o c i t y ,  and f l i g h t  p a t h  a n g l e  
i n  e a r t h  o r b i t .  These t e r m i n a l  c o n d i t i o n s  may b e  c o n s i d e r e d  
as dependen t  v a r i a b l e s  and a r e  s a t i s f i e d  by  d e t e r m i n i n g  t h e  
p r o p e r  v a l u e  o f  t h e  i n d e p e n d e n t  v a r i a b l e s ;  i n  t h i s  c a s e  t h e  
g u i d a n c e  p a r a m e t e r s  A and B and t h e  b u r n i n g  t i m e  o f  t h e  t h i r d  
s t a g e .  These  p a r a m e t e r s  were d e f i n e d  as t a r g e t i n g  p a r a m e t e r s  
i n  (1). 

Some o t n e r  i ndependen t  v a r i a b l e s  may b e  c o n s i d e r e d  
such  as k i c k - a n g l e ,  p r o p e l l a n t  l o a d i n g ,  or i n t e r s t a g e  c o a s t i n g  
t imes .  

I n  c a s e  t h e  number o f  i n d e p e n d e n t  v a r i a b l e s  e q u a l s  t h e  
number o f  t e r m i n a l  c o n d i t i o n s  t h e n  t h e  problems r e d u c e s  t c  a 
t a r g e t i n g  problem as g i v e n  i n  (1) and t h e  i n d e p e n d e n t  v a r i a b l e s  
can  be u n i q u e l y  d e f i n e d .  I n  c a s e  t h e  number o f  i n d e p e n d e n t  
v a r i a b l e s  i s  l a r g e r  t h a n  t h e  number o f  t e r m i n a l  c o n d i t i o n s ,  t h e  
problem i s  undetermined .  It  becomes d e t e r m i n e d  i f  one v a r i a b l e ,  
i n  t h i s  c a s e  f o r  i n s t a n c e  t h i r d  s t a g e  b u r n i n g  t i m e ,  i s  o p t i m i z e d .  
The problem may t h e n  be d e s c r i b e d  i n  t h e  f o l l o w i n g  manner:  

Determine t h e  independen t  v a r i a b l e s  i n  s u c h  a 
manner as to: 

1) s a t i s f y  t h e  t e r n i i n a l  c o n d i t i o n s ,  and 

2 )  o p t i m i z e  t h e  t h i r d  s t a g e  b u r n i n g  t i m e .  

Va r ious  a p p r o a c h e s  t o  t h i s  problem may b e  found i n  t h e  
l i k e r a t u r e .  

1.1 D e s c r i p t i o n  o f  Method Used f o r  O p t i m i z a t i o n  

The approach  a p p l i e d  here  i s  as f o l l o w s .  L e t  t h e r e  
be m t e r m i n a l  c o n d i t i o n s  o r  dependent  v a r i a b l e s  and n i n d e p e n d e n t  
v a r i a b l e s ,  where n>m. Tne f i r s t  m i n d e p e n d e n t  v a r i a b l e s  a r e  
s e l e c t e d  and used  as t a r g e t i n g  p a r a m e t e r s  w h i l e  t h e  r e m a i n i n g  
n-m i n d e p e n d e n t  v a r i a b l e s  a r e  used  f o r  o p t i m i z i n g  some o b j e c t i v e .  
R e t u r n i n g  now t o  t h e  f i r s t  example o f  (1) i t  w i l l  b e  assumed t h a t  
one a d d i t i o n a l  i n d e p e n d e n t  v a r i a b l e  i s  a v a i l a b l e :  t h e  k i c k - a n g l e .  
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S i n c e  t h e r e  are  t h r e e  t e r m i n a l  c o n d i t i o n s ,  t h r e e  o f  
t he  i n d e p e n d e n t  parameters a r e  s e l e c t e d  as t a r g e t i n g  p a r a m e t e r s .  
Tney may be t h e  t h r e e  pa rame te r s  used  i n  (1).  T h i s  c h o i c e  i s  
c o m p l e t e l y  a r b i t r a r y  and had t h r e e  o t h e r  p a r a m e t e r s  been s e l e c t e d ,  
t h e  f i n a l  r e s u l t s  would be i d e n t i c a l .  
k i c k - a n g l e ,  w i l l  b e  t h e  o p t i m i z i n g  p a r a m e t e r .  The problem may t h e n  
b e  d e f i n e d  as f o l l o w s :  
as t o  minimize t h i r d  s t a g e  bu rn ing  t i m e  and a d j u s t  a t  t h e  same t i m e ,  
f o r  e a c h  v a l u e  o f  k i c k - a n g l e ,  t h e  t a r g e t i n g  p a r a m e t e r s  i n  such  a 
manner as t o  s a t i s f y  t h e  t e r m i n a l  c o n d i t i o n s .  

The r e m a i n i n g  p a r a m e t e r ,  

de t e rmine  t h e  k i c k - a n g l e  i n  s u c h  a manner 

The n u m e r i c a l  v a l u e s  o f  t h e  t a r g e t i n g  parameters a r e  
d i f f e r e n t  for ?ach  k i c k - a n g l e ,  and c o n s e q u e n t l y  t a r g e t i n g  has  
t o  b e  repea ted  f o r  each  d i f f e r e n t  v a l u e  o f  k i c k - a n g l e .  
l e m  i s ,  t h e r e f o r e ,  d i v i d e d  i n t o  two p a r t s :  an  e x t e r n a l  one i n  
wnicii t n e  k i c k - a n g l e  i s  a p p r o p r i a t e l y  changed i n  o r d e r  to g e t  a 
minimum b u r n i n g  t i m e  and an i n t e r n a l  one i n  which for e a c h  v a l u e  
o f  K ick -ang le ,  t h e  t a r g e t i n g  p a r a m e t e r s  a r e  a d j u s t e d  s o  as t o  s a t i s -  
f y  t h e  t e r m i n a l  c o n d i t i o n s .  The i n t e r n a l  one i s  s o l v e d  b y  the  ex- 
i s t i n g  t a r g e t i n g  scheme u s i n g  t h e  s e c a n t  method w h i l e  t h e  e x t e r n a l  
one i s  s o l v e d  by u s i n g  t h e  s e c a n t  h y p e r s 3 h e r e  method d e s c r i b e d  i n  

The  prob-  

(2). 

The i n t e r r e l a t i o n  between t a r g e t i n g  and o p t i m i z a t i o n  may 
De b e t t e r  u n d e r s t o o d  from F i g u r e s  1 and 2 .  
i l l u s t r a t e  t h e  p r o c e s s  s c h e m a t i c a l l y  w h i l e  F i g u r e  2 i s  a b l o c k  
d i ag ram o f  t h e  p r o c e d u r e .  
r e a c h e d  a p o i n t  where f o r  a c e r t a i n  v a l u e  o f  k i c k - a n g l e  t h e  t a r g e t -  
i n g  p a r a m e t e r s  A ,  B ,  and bu rn ing  t i m e  have been  d e t e r m i n e d  i n  s u c h  
a manner as to s a t i s f y  t h e  g iven  t e r m i n a l  c o n d i t i o n s .  The o p t i m i -  
z a t i o n  scheme d e t e r m i n e s  now a new v a l u e  of k i c k - a n g l e  which 
i s  e x p e c t e d  t o  b r i n g  t h e  bu rn ing  t i m e  c i u s e r  t o  i t s  minimum. T h i s  
neiv k i c k - a n g l e  i s  t h e n  used  i n  c a l c u l a t i n g  a new t r a j e c t o r y  u s i n g  
t h e  v a l u e s  of  t h e  t a r g e t i n g  p a r a m e t e r s  , l e t e r m i n e d  for t h e  p r e v i o u s  
v a l u e  o f  k i c k - a n g l e .  S i n c e  t h e s e  t a r g e t i n g  parameters w i l l  n o t  
s a t i s f y  t h e  g i v e n  t e r m i n a l  co l?d i t i ons  t h e y  w i l l  have t o  b e  re- 
d e t e r m i n e d  i n  such  a manner as  t o  make t h e  e r r o r  i n  t e r m i n a l  cond i -  
t i o n s  a r b i t r a r i l y  small .  Only t h e n  i s  i t  p o s s i b l e  to check  how t h e  
new v a l u e  o f  b u r n i n g  t i m e  compares w i t h  t h e  o l d  one and whether  i t  
i s  c l o s e  enough to i t s  as y e t  unknown minimum. Should  i t  n o t  be 
c l o s e  enough t o  t h e  minimum, t h e n  t h e  s e c a n t  h y p e r s p h e r e  method w i l l  
p r o v i d e  a new v a l u e  f o r  t h e  k i c k - a n g l e  and a new i t e r a t i o n  s imi l a r  
t o  t n e  one d e s c r i b e d  i s  e x e c u t e d .  T h i s  p r o c e s s  i s  c o n t i n u e d  u n t i l  
t h e  d e c r e a s e  i n  b u r n i n g  t i m e  between two s u c c e s s i v e  i t e r a t i o n s  be-  
comes n e g l i g i b l e .  

F i g u r e  1 a t tempts  to 

L e t  i t  b e  assumed t h a t  t h e  p r o c e s s  has 

The concep t  of o p t i m i z i n g  p a r a m e t e r  and o p t i m i z e d  p a r a -  
meter w i l l  b e  i n t r o d u c e d  n e x t .  Those i n d e p e n d e n t  p a r a m e t e r s  such  
as k i c k - a n g l e  i n  t h e  g i v e n  example t h a t  are changed i n  o r d e r  t o  
o p t i m i z e  a n o t h e r  parameter w i l l  b e  r e f e r r e d  t o  as o p t i m i z i n g  p a r a -  
meters.  The p a r a m e t e r  whose optimum i s  s o u g h t  w i l l  on t h e  o t h e F  



BELLCOMM, I N C .  - 4 -  

hand ,  be  r e f e r r e d  t o  as op t imized  p a r a m e t e r .  C o n s e q u e n t l y ,  a l l  
p a r a m e t e r s  such  as p a y l o a d ,  k i ck -ang le  , b u r n i n g  t i m e  , and p ro -  
p e l l a n t  l o a d i n g s ,  which have been  l i s t e d  a s  t a r g e t i n g  p a r a m e t e r s  
i n  (1) may b e  a l s o  s e l e c t e d  as o p t i m i z i n g  p a r a m e t e r s .  

It s h o u l d  b e  f u r t h e r m o r e  n o t e d  t h a t  t h e  o p t i m i z e d  
parameter has to be used  as a t a r g e t i n g  p a r a m e t e r  i n  t h a t  
p a r t i c u l a r  problem.  The example j u s t  ment ioned w i l l  h e l p  to 
e x p l a i n  t h i s .  I n  t h i s  example t h e  t a r g e t i n g  parameters were t h e  
two g u i d a n c e  p a r a m e t e r s  A and B and t h e  b u r n i n g  t i m e  o f  t h e  t h i r d  
s t a g e .  The t e r m i n a l  c o n d i t i o n s  were a l t i t u d e ,  f l i g h t  p a t h  a n g l e ,  
and v e l o c i t y .  Consequen t ly ,  for e v e r y  k i c k - a n g l e  a thi i -d  s t a g e  
b u r n i n g  t i m e ,  t o g e t h e r  w i t h  t h e  p a r a m e t e r s  A and B y  i s  de t e rmined  
such  t h a t  t h e  t e r m i n a l  c o n d i t i o n s  a r e  s a t i s f i e d .  T h i s  r e s u l t s  i n  
a one b y  one r e l a t i o n s h i p  between k i c k - a n g l e  and any o f  t h e  t a r -  
g e t i n g  parameters f o r  i n s t a n c e  b u r n i n g  t i m e .  T h i s  i s  t h e  c u r v e  
t h a t  i s  o p t i m i z e d .  It  can  only b e  o p t i m i z e d  i f  t h e  o p t i m i z e d  p a r a -  
m e t e r ,  t h i r d  s t a g e  b u r n i n g  t ime,  changes  f o r  e v e r y  k i c k - a n g l e .  I t  
can  o n l y  do t h i s  i f  i t  i s  a t a r g e t i n g  parameter. 

2 . 0  DESCRIPTION OF THE NEW INPUT CAPABILITIES  

The new i n p u t  c a p a b i l i t i e s  p r o v i d e  more f l e x i b i l i t y ;  t h e y  
do n o t ,  e x c e p t  f o r  a f e w  i n s t a n c e s  d e s c r i b e d  be low,  change t h e  man- 
n e r  i n  w h i m  a c a s e  i s  e n t e r e d .  

2 . 1  P l a n e t a r y  C o n s t a n t s  and Atmospheres 

T h i s  i s  a new f e a t u r e  which must be  u s e d .  The f o u r t h  
c a r d  (or f o u r t h  l i n e  on t h e  i n p u t  form)' changed .  It c o n t a i n s  
now i n  a d d i t i o n  to t h e  number o f  s e c t i o n s  on column 1 0  t h e  f o l -  
l o w i n g  e n t r i e s :  

P l a n e t  I d e n t i f i e r  (Column 20) 

P l a n e t s  a r e  numbered s e q u e n t i a l l y  s t a r t i n g  w i t h  Mercury.  
For E a r t h  l a u n c h e s  a numeral  t h r e e  has t o  b e  e n t e r e d .  - 

The e n t r y  of  t h e  p l a n e t  i d e n t i f i e r  c a u s e s  t h e  program 
t o  s e l e c t  t h e  a p p r o p r i a t e  v a l u e s  for p l a n e t a r y  r a d i u s ,  g r a v i t a -  
t i o n a l  c o n s t a n t ,  and r o t a t i o n a l  s p e e d ;  however ,  t h e  u s e r  may, 
a t  hLs o p t i o n ,  e n t e r  h i s  own v a l u e  o f  p l a n e t  r a d i u s  and g r a v i t a -  
t i o n a l  c o n s t a n t  as he has done w i t h  Trak-I. .  The p l a n e t a r y  con- 
s t a n t s  u sed  b y  t h e  program are l i s t e d  on T a b l e  1. 

I n  t h i s  c o n n e c t i o n  a l i t t l e  d i g r e s s i o n  w i t h  r e s p e c t  to 
v e h i c l e  w e i g h t  i s  r e q u i r e d .  The mass o f  t h e  v e h i c l e  i s ,  o f  c o u r s e ,  
i n v a r i a n t  and if i t  were g iven  f o r  d e f i n i n g  t h e  v e h i c l e  s t a g e s  no 
d i f f i c u l t y  would be  e x p e r i e n c e d .  It  i s ,  however ,  cus tomary  t o  
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d e f i n e  n o t  t h e  mass b u t  t h e  weight  o f  t h e  v e h i c l e ' s  components 
and t n i s  weight  i s  based upon E a r t h  g ' s .  I n  o r d e r  t o  u s e  t h e  
e q u a t i o n s  o f  mot ion  as d e f i n e d  i n  S u b s e c t i o n  2 . 1  o f  (1) i t  i s  
n e c e s s a r y  to m u l t i p l y  t h e  . i u a n t i t y  'tio o c c u r r i n g  i n  e q u a t i o n  (1) 

and ( 3 )  by t h e  f a c t o r  go/g*. 
b e  on E a r t h  a t  a l t i t u d e  z e r o ;  go - - l J  - 

g r a v i t y  a t  z e r o  p l a n e t a r y  a l t i t u d e  and g* i s  t h e  a c c e l e r a t i o n  o f  
g r a v i t y  a t  a l t i t u d e  z e r o  on Eart-1. 
t i t y  Wo(go/g*) = W 

Wo e x p r e s s e s  what t h e  we igh t  would 

i s  t h e  a c c e l e r a t i o n  o f  
R2 

T h e r e f o r e ,  on E a r t h  t h e  quan- 
and on any o t h e r  p l a n e t  t h e  we igh t  i s  c o r r e c t e d  

0 
a c c o r d i n g l y .  The program uses  t h e  v a l u e  g* = 32.1740486 f t / s e c  2 . 

Atmosphere I d e n t i f i e r  (Column 30) 

The program c o n t a i n s  t h e  f o l l o w i n g  a tmosphe res  : 

E a r t h  1 U .  S .  S t a n d a r d  Atmosphere,  1 9 6 2  

2 P a t r i c k  A i r  Fo rce  Base Atmosphere 

Dlars 1 J P L  - Mars Model Atmosphere VM3 

2 J P L  - Mars Model Atmosphere VM8 

Venus 1 Upper Dens i ty  Model (See  Ref. 4 )  

2 Mean Dens i ty  Model 

3 Lower D e n s i t y  Model 

The a tmosphe re  i d e n t i f i e r  h a s  to be e n t e r e d .  - 
2 . 2  O p t i m i z a t i o n  F e a t u r e s  

Detai ls  on t h e  o p t i m i z a t i o n  a re  e n t e r e d  on t h e  f i f t h  c a r d  
or t h e  f i f t h  l i n e  of t h e  i n p u t  form,. 
f o l l o w s  : 

E n t r i e s  on t h a t  l i n e  are  as 

Number of  T a r g e t i n g  Parameters : (Column 10) 

Number o f  Segments Wi th in  a S e c t i o n :  (Column 2 0 )  

I n f o r m a t i o n  R e l a t i v e  t o  D e s i r e d  P r i n t o u t :  

For a :  Program p r i n t s  as f o l l o w s :  

(Column 3 0 )  

Blank Normal For t a r g e t i n g  r u n s  t h e  l a s t  l i n e  
P r i n t -  
o u t  p r i n t o u t  o f  t h e  l a s t  i t e r a t i o n .  

of each  i t e r a t i o n  t h e n  a comple t e  

1 Extended  
P r i n t o u t  t i o n .  

P r i n t s  e v e r y  l i n e  o f  e v e r y  i t e r a -  
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2 Condensed P r i n t s  l a s t  l i n e  o f  e v e r y  
P r i n t  o u t  i t e r a t i o n  of t h e  o p t i m i z a -  

m i  z a t  i on 
r u n s  o n l y )  

( f o r  o p t i -  t i o n  p r o c e s s .  

U s u a l l y  t h e  b l a n k  e n t r y  i s  u s e d .  I f  t r o u b l e  i s  e x p e r i -  
enced  e x t e n d e d  p r i n t o u t  may b e  d e s i r a b l e ;  when e v e r y t h i n g  r u n s  
smooth ly  t h e  condensed p r i n t o u t  i s  recommended. 

I d e n t i f i e r  o f  Optimized Parameter (Column 4 0 )  

A s  s t a t e d  i n  s u b - s e c t i o n  1.1, t h e  o p t i m i z e d  para- 
meter has to be a t a r g e t i n g  p a r a m e t e r .  I n  t h e  
e n t r y  above i t  i s  d e f i n e d  as s u c h  b y  e n t e r i n g  i t s  
t a r g e t i n g  pa rame te r  i d e n t i f i e r .  

F l a g  f o r  Punching Cards (Column 5 0 )  

T h i s  e n t r y  i s  i d e n t i c a l  to t h e  one g i v e n  i n  (1).  

O p t i m i z i n g  Pa ramte r s  

The o p t i m i z i n g  p a r a m e t e r s  a re  e n t e r e d  i n  t h e  same 
way as a re  t h e  t a r g e t i n g  p a r a m e t e r s .  T h e i r  i d e n -  
t i f i e r s  a re  numbered c o n s e c u t i v e l y  s t a r t i n g  w i t h  
t n e  number o f  t a r g e t i n g  p a r a m e t e r s  p l u s  one .  So 
f o r  i n s t a n c e ,  i f  t h e r e  a r e  n t a r g e t i n g  p a r a m e t e r s  
and two o p t i m i z i n g  p a r a m e t e r s ,  t h e  i d e n t i f i e r s  o f  
t h e  o p t i m i z i n g  p a r a m e t e r s  w i l l  b e  n + l  and n+2. 

The r e m a i n i n g  i n f o r m a t i o n  f o r  o p t i m i z i n g  i s  e n t e r e d  
on c a r d s  7 ,  8 ,  and 9 or on t h e  c o r r e s p o n d i n g  l i n e s  
on the i n p u t  f o r m ,  Note tnat these c a r d s  a r e  read 
o n l y  If  an  o p t i m i z a t i o n  i s  c a l l e d  f o r  b y  d e f i n i n g  
a n  o p t i m i z e d  pa rame te r  i d e n t i f e r .  

Card 7 c o n t a i n s  t h e  l o w e r  l i m i t  o f  t h e  o p t i m i z e d  
parameter fo l lowed  b y  t h e  lower  l i m i t s  o f  a l l  t h e  
o p t i m i z i n g  p a r a m e t e r s .  Each e n t r y  o c c u p i e s  1 0  
s p a c e s .  

Card 8 c o n t a i n s  t h e  c o r r e s p o n d i n g  h i g h e r  l i m i t s .  

Card 9 has two e n t r i e s .  A rrl" ( o n e )  i n  column 1 
i s  used  to i n d i c a t e  a m i n i m i z a t i o n  problem;  any 
o t h e r  e n t r y  or b l a n k  s i g n i f i e s  a m a x i m i z a t i o n  
problem.  The accu racy  r e q u e s t e d  f o r  t h e  o p t i m i -  
z a t i o n  i s  i n d i c a t e d  n e x t  on columns 2 to 1 6 .  A s  
a g e n e r a l  r u l e ,  a n  e n t r y  o f  0 . 0 5  w i l l  b e  s a t i s -  
f a c t o r y .  
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2 . 3  P o s s i b i l i t y  o f  Changing P r e v i o u s l y  Def ined  I n p u t  P a r a m e t e r s  

The f e a t u r e  t o  b e  d e s c r i b e d  was i n t r o d u c e d  main ly  for 
t n e  u s e  o f  remote t e r m i n a l s .  It  p r o v i d e s  t h e  p o s s i b i l i t y  o f  
c;langing any of  t h e  p r e v i o u s l y  e n t e r e d  p a r a m e t e r s .  T h i s  i s  done 
by  u s i n g  t h e  Namelist f e a t u r e s  of  F o r t r a n  V as d e s c r i b e d  i n  (3). 

The l i s t  o f  v a r i a b l e  names t o  be used  i n  c o n n e c t i o n  
w i t h  iqamelis t  i s  g i v e n  i n  Appendix A .  The s e t  o f  changed p a r a -  
m e t e r s  s h o u l d  be e n c l o s e d  between two c a r d s :  a " $ I n p u t "  c a r d  
and a "$END" c a r d .  If no i n p u t  h a s  to b e  changed ,  a c a r d  w i t h  
" $ I n p u t "  and one w i t h  "$END" a re  s t i l l  r e q u i r e d ,  If i t  i s  de- 
s i r e d  to r u n  more t h a n  one c a s e ,  t h e n  a c a r d  w i t h  a "1" ( o n e )  
on column 5 s h o u l d  b e  i n s e r t e d  between t h e  d i f f e r e n t  s e t s  o f  p a r a -  
x i e t e r s ,  i . e .  between t h e  "$END" c a r d  of  one s e t  and t h e  "$In-  
p u t "  c a r d  o f  t h e  f o l l o w i n g  set. All c a s e s  e x c e p t  t h e  f i r s t  have 
to be  g i v e n  w i t n  "Namelist".  The f i r s t  c a s e  s h o u l d  always b e  g i v e n  
i n  t n e  c o n v e n t i o n a l  way .  

2.14 Tlr;rust and P i t c h  T a b l e s  

These t a b l e s  a r e  e n t e r e d  b y  means o f  t he  Namelist i n -  
p u t .  The f o l l o w i n g  v a r i a b l e s  a r e  e n t e r e d  f o r  t h r u s t :  

ldUIIT = x where x s t a n d s  for t!ie number 
o f  e l e n e n t s  o f  t h e  t h r u s t  t a o l e s  
( u p  t o  90) 

where t h e  a r ray  ai s t a n d s  f o r  
t h e  v a l u e s  of' t h r u s t ,  

9 an TVI  = a l y a 2 . .  . 

?:here t h e  a r r ay  b s t a n d s  f o r  
t h e  v a l u e s  o f  I S P ,  and 

i XISP = b l , b 2 .  . y b n  

where t h e  a r r a y  ci s t a n d s  for 
t h e  v a l u e s  o f  t i m e .  

'n T I N 1  = c1,c2'. . . 

I n  o r d e r  f o r  t h e  program to u s e  t h e  t h r u s t  t a b l e s ,  t h e  
s t a g e  h a s  t o  b e  c o n s i d e r e d  a s  a s o l i d  r o c k e t  s t a q e  ( s e e  (1)) .  

The p i t c h  t a b l e  i s  e n t e r e d  i n  s i m i l a r  f a s h i o n .  The 
following v a r i a b l e s  are  e n t e r e d :  

NUMP = y where y i s  t h e  number o f  e l e m e n t s  
o f  t h e  p i t c h  t a b l e  (up  to 90) 
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f o l l o w e d  b y :  

PTIME = d l , d 2 , .  . . ,dn where t h e  a r r a y  di s t a n d s  f o r  
t h e  v a l u e s  o f  t i m e ,  and 

where t h e  a r r a y  ei s t a n d s  f o r  
t h e  v a l u e s  o f  p i t c h .  

3 en PITCH = e l , e 2 , . . .  

The program w i l l  u s e  a p i t c h  t a b l e  when a "4" i s  used  
as g u i d a n c e  scheme. 
t i m e  r e l a t i o n s h i p .  

It  w i l l  p r o v i d e  t h e  d e s i r e d  p i t c h  v e r s u s  

All e n t r i e s  i n  t h e  p i t c h  and t h r u s t  t a b l e s  a r e  g i v e n  as 
r e a l  numbers e x c e p t  f o r  NUMP and NUMT which are g i v e n  as f i x e d  
p o i n t  numbers.  

2 . 5  Engine  Out C a p a b i l i t y  

T h i s  f e a t u r e  p e r m i t s  e v a l u a t i n g  t h e  e n g i n e  o u t  c a p a b i l i t y  
o f  a v e h i c l e .  The  f o l l o w i n g  i n p u t  parameters a r e  e n t e r e d :  

1) Engine out t i m e  ( E O T ) .  T h i s  i s  t h e  t i m e  ( i n  s e c o n d s ]  
s t a r t i z g  from t h e  b e g i n n i n g  o f  t h e  t r a j e c t o r y  segment 
a t  which t h e  e n g i n e  f a i l s .  

2 )  T h r u s t  f r a c t i o n  (EOTF) .  T h i s  i s  a number, smaller 
t h a n  1, i n d i c a t i n g  t h a t  f r a c t i o n  o f  normal  t h r u s t  
a v a i l a b l e  under  t h e  e n g i n e  o u t  c o n d i t i o n s .  

P r o p e l l a n t  we igh t  a t  which t h r u s t  decay  c a l c u l a t i o n  
b e g i n s  (WD). 

3) 

4 )  T i m e  i n t e r v a l  f o r  t h r u s t  decay  ( T D ) .  

The t h r u s t  decay  c a l c u l a t i o n  i s  based  upon a t h r u s t  decay t a b l e  
which i s  g i v e n  as a f i x e d  i n p u t .  All e n g i n e  o u t  p a r a m e t e r s  a re  
e n t e r e d  by  means o f  n a m e l i s t .  

3.0 SAMPLE T R A J E C T O R Y  

The f i r s t  s a m p l e  t r a j e c t o r y  g i v e n  i n  S e c t i o n  7 . 2  o f  (1) 
w i l l  be  expanded t o  i n c l u d e  o p t i m i z a t i o n .  I n s t e a d  o f  p r e s c r i b i n g  
t h e  k i c k - a n g l e  i t  w i l l  b e  de t e rmined  i n  s u c h  a manner as t o  min i -  
mize t h e  b u r n i n g  t i m e  of  t h e  l a s t  s t a g e .  
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Except  for t h e  changes d e s c r i b e d  i n  t h e  p r e c e d i n g  s e c -  
t i o n s  and t h e  o p t i m i z i n g  p a r a m e t e r s  t h e  i n p u t  i s  e s s e n t i a l l y  t h e  
same as i n  (1). For comparison p u r p o s e s  a p r i n t o u t  o f  t h e  i n p u t  
c a r d s  i s  shown on T a b l e  2 .  

T a b l e s  3 to 1 6  a r e  a r e p r o d u c t i o n  o f  t h e  a c t u a l  compu- 
t e r  r u n .  Tab le  3 shows a r e p r i n t  o f  t h e  i n p u t  c a r d s  f o l l o w e d  b y  
a comple t e  l i s t  o f  a l l  t h e  v a r i a b l e s  and t h e i r  v a l u e s .  T h i s  l i s t  
e x t e n d s  t h r o u g h  T a b l e s  4 and 5 .  T a b l e  6 shows t h e  g e n e r a l  d e s c r i p -  
t i o n  o f  t h e  v e h i c l e  fo l lowed  by t h e  v e h i c l e  w e i g h t  h i s t o r y  which 
e x t e n d s  i n t o  T a b l e  7 .  A l i s t  o f  t ne  t a r g e t i n g  and o p t i m i z i n g  p a r a -  
meters f o l l o w s ,  t h e n  t h e  t e r m i n a l  c o n d i t i o n s .  The a c t u a l  c a l c u l a -  
t i o n s  s t a r t  w i t h  Tab le  8 .  Only t h e  l a s t  l i n e  o f  e a c h  i t e r a t i o n  i s  
shown. It t a k e s  4 i t e r a t i o n s  to t a r g e t  f o r  t h e  i n i t i a l l y  g i v e n  
k i c k - a n g l e  ( t o p  o f  T a b l e  9 : .  The same c a l c u l a t i o n s  are  r e p e a t e d  
f o r  a little s m a l l e r  v a l u e  of k i c k - a n g l e  ( r e m a i n i n g  o f  T a b l e  9 and 
t o p  o f  T a b l e  10) and a l i t t l e  l a r g e r  v a l u e  ( r e m a i n i n g  o f  T a b l e  10) 
and t o p  of  T a b l e  11). T h i s  g i v e s  3 v a l u e s  o f  t h e  f u n c t i o n  "3 rd  
s t a g e  b u r n i n g  t i m e  v s .  k i c k - a n g l e " .  From t h e s e  t h r e e  v a l u e s  t h e  s e c a n t  
h y p e r s p h e r e  o p t i m i z a t i o n  method d e t e r m i n e s  a p o t e n t i a l l y  b e t t e r  o n e  
( r e m a i n i n g  o f  T a b l e  11 and t o p  o f  T a b l e  12) and i n  one a d d i t i o n a l  
a p p r o x i m a t i o n  t h e  a c c u r a c y  c r i t e r i o n  f o r  t h e  o p t i m i z a t i o n  i s  s a t i s -  
f i e d .  On T a b l e  1 3  and 1 4  t h e  u p d a t e d  c o n s t a n t s  and t h e  v e h i c l e  
we igh t  h i s t o r y  a r e  r e p e a t e d .  They a re  f o l l o w e d  on T a b l e  1 5  by a 
d e t a i l e d  p r i n t o u t  o f  t h e  t r a j e c t o r y .  T a b l e  1 6  shows t h e  o p t i m i z a -  
t i o n  h i s t o r y .  T h i s  shows how t h e  o p t i m i z a t i o n  was s t a r t e d  w i t h  a 
k i c k - a n g l e  o f  - 0 . 0 0 1 3 9 6  r a d i a n s  which p r o v i d e d  a b u r n i n g  t i m e  o f  
1 8 3 . 5 1  s e c o n d s ,  D e c r e a s i n g  t h e  k i c k - a n g l e  to - . 001354  r a d i a n s  p ro -  
v i d e s  a b u r n i n g  t i m e  o f  1 8 4 . 8 0  s e c o n d s  w h i l e  a,n i n c r e a s e  i n  k i c k -  
a n g l e  to -0.001438 r a d i a n s  r educed  t h e  b u r n i n g  t i m e  to 1 8 2 . 7 5  
s e c o n d s .  A t  t h i s  p o i n t  t h e  o p t i m i z a t i o n  scheme s e l e c t e d  a k i c k -  
a n g l e  of  - 0 . 0 0 1 4 7 6  r a d i a n s  which gave a b u r n i n g  t i m e  o f  1 8 2 . 5 2 6 6  
s e c o n d s  and a f t e r  a n o t h e r  a t t e m p t  w i t h  a k i c k - a n g l e  o f  - 0 . 0 0 1 4 7 7  
r a d i a n s  t h i s  v a l u e  was m a i n t a i n e d ,  i n d i c a t i n g  t h a t  t h e  optimum h a s  
been  r e a c h e d .  

4 . 0  PROGRAM DETAILS FOR USAGE 

The p r e s e n t  v e r s i o n  o f  t h i s  program Trak-2,  may b e  ob- 
t a i n e d  from t h e  Computer L i b r a r y  or t h e  a u t h o r .  It c o n s i s t s  o f  
t n e  f o l l o w i n g  s u b - r o u t i n e s  . 

DECAY 
WTADD 
T 
WOLFE 
GAUSS 
I N P R  
ERVECT 
FROMX 
UPDATE 

LKUP 
INTERP 
PLAT 
INTP 
POLY 
D R A G 5  
SST 
D W I T C H  
WRITE 

C O N I C  
FINDV 
TIMELI  
ANOMAL 
DENSTY 
L C O M l  
LCOM3 
LCOM4 
POINTS 

K E Y  TRAK 
LOSS THRUST 
FUNC CNVRT 
LCOM2 PRESS 
I N D  STAGE 
OFUNC 
PAC 
OPTIMA 
T O X  

Running t ime f o r  t h e  sample  problem i s  l e s s  t h a n  2 m i n u t e s .  
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APPENDIX A 

L i s t  o f  v a r i a b l e  names f o r  Namel i s t  i n p u t .  

Variables a re  g iven  i n  t h e  o r d e r  i n  which t h e y  a r e  
e n t e r e d  on t h e  i n p u t  form. 

G e n e r a l  C o n s t a n t s  

(1) **(l) G M I U :  G r a v i t a t i o n a l  c o n s t a n t  o f  p l a n e t  ( f t  3 / s e e  2 ) 

RADIUS: P l a n e t a r y  r a d i u s  ( f t )  (1) 

( -1  * K A Z :  T a r g e t i n g  sequence  number f o r  az imuth  

A Z :  Launch az imuth  (Deg) 

ALATI: Launch l a t i t u d e  (Deg) 

A L A M D I :  Launch l o n g i t u d e  (Deg) 

KP: T a r g e t i n g  sequence  number for p a y l o a d  ( -1  * 

PAYLD: Payload  ( I b s )  

NTITLE: An e n t r y  o f  1 p r o v i d e s  t i t l e s  ( - 1  * 

VZERIZI: I n i t i a l  c o n d i t i o n  f o r  v e l o c i t y  ( f t / s e c )  

G A Z E R @ :  I n i t i a l  c o n d i t i o n  f o r  f l i g h t  p a t h  a n g l e  (Deg) 

ALZERIZI: I n i t i a l  c o n d i t i o n  f o r  a l t i t u d e  ( f t )  

RAZERIZI: I n i t i a l  c o n d i t i o n  for r a n g e  ( N . M i  l e s  ) 

T I Z E R @ :  I n i t i a l  c o n d i t i o n  f o r  t i m e  ( s e d  
* K K :  T a r g e t i n g  sequence  number for k i c k - a n g l e  ( - >  

A K I C K :  Kick-angle  (Deg) 

If t h i s  v a r i a b l e  i s  n o t  e n t e r e d ,  t h e  program u s e s  t h e  
v a l u e  g i v e n  i n  T a b l e  1. 

A l l  p a r a m e t e r s  are e n t e r e d  as r e a l  v a r i a b l e s .  No te ,  how- 
e v e r ,  t h a t  p a r a m e t e r s  i n d i c a t e d  by a n  a s t e r i s k  ( * )  are  t o  be  e n t e r e d  
as f i x e d  p o i n t  numbers and t h o s e  d e s i g n a t e d  by two as te r i sks  ( * * )  
are  t o  b e  e n t e r e d  as f l o a t i n g  p o i n t  v a r i a b l e s .  

*, **  
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* 
* 

DELTK : 

PLANET : 

ATMQIS : 

CL : 

I\J UM P : 

NUMT : 

- A 2  - 

Kick ing  t i m e  i n t e r v a l  ( s e e >  

P l a n e t  i d e n t i f i e r  ( - >  

Atmosphere i d e n t i f i e r  ( -1  

L i f t  c o e f f i c i e n t  ( - >  

Number of  e l e m e n t s  i n  p i t c h  t a b l e  ( - 1  

Number o f  e l e m e n t s  i n  t h r u s t  t a b l e  ( - 1  

t h e  s e c t i o n .  

* NTARG : 

* M : 

* NTT : 

* NPNCH:  

* NjaPTI : 

Se c t i o n  Parameters 

The f o l l o w i n g  p a r a m e t e r s  have  one s u b s c r i p t  i n d i c a t i n g  

Yumber o f  t a r g e t i n g  p a r a m e t e r s  i n  t h a t  s e c t i o n  ( - 1  

Number o f  segments  i n  t h a t  s e c t i o n  ( - >  

P r i n t i n g  o p t i o n  

Punching  o p t i o n  

( - >  

( - >  

I n d i c a t e s  which t a r g e t i n g  p a r a m e t e r s  i s  ( - >  
o p t i m i z e d  

EPS : Accuracy r e q u i r e m e n t  for t a r g e t i n g  ( 2 )  

O p t i m i z i n g  Parameters 

EX:  Lower l i m i t  o f  o p t i m i z e d  v a r i a b l e  ( - >  

G :  Higher  l i m i t  o f  o p t i m i z e d  v a r i a b l e  ( - >  

* MX: I n d i c a t e s  m i n i m i z a t i o n  problem if' "1" ( -1  

E P :  Accuracy c r i t e r i o n  ( -1  

C :  Lower v a l u e  o f  o p t i m i z i n g  p a r a m e t e r s  ( 3 )  

D :  H ighe r  v a l u e  o f  o p t i m i z i n g  p a r a m e t e r s  ( 3 )  

( 2 ) T h e  s u b s c r i p t  h e r e  r e f e r s  to t h e  t a r g e t i n g  p a r a m e t e r  se- 
quence  number. 

( 3 ) T h e s e  p a r a m e t e r s  are s u b s c r i p t e d .  The s u b s c r i p t  r e f e r s  t o  
t h e  o p t i m i z i n g  p a r a m e t e r  ( n t l ,  n t 2 ,  e t c .  ) . 
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Se gment Pa rame te r s  

c a r r y  two s u b s c r i p t s ,  t h e  f i r s t  r e f e r r i n g  to t h e  segment and 
t h e  second  r e f e r r i n g  to t h e  s e c t i o n .  

The f o l l o w i n g  p a r a m e t e r s  r e f e r  to segmen t s .  They 

W D W :  S t a g e  burnout  we igh t  ( I b s )  

( l b s / s e c )  WDOT: S t a g e  b u r n i n g  r a t e  

* 

* 

I 

KPR:  S t a g e  p r o p e l l a n t  t a r g e t i n g  sequence  
number (-1 

PROP: S t a g e  p r o p e l l a n t  ( 1 b s )  

K T H :  T a r g e t i n g  sequence  number f o r  t h r u s t  ( - >  

TH: T h r u s t  ( I b s )  

PL:  S t a g e  payload  ( 1 b s  1 

KT: T a r g e t i n g  sequence number f o r  s t a g e  t i m e  ( - )  

TIMOP: S t a g e  t i m e  

DELT: I n t e g r a t i o n  t i m e  i n t e r v a l  

* N G :  Guidance scheme p a r a m e t e r  ( - >  

I NSW: If rrlrr t r a n s f o r m s  to i n e r t i a l  c o o r d i n a t e  
sys t ems  a t  end o f  segment ( - >  

I NFLAG: Use f o r  p r o p e l l a n t  s h a r i n g  ( - >  

* N Y :  S t o p p i n g  c r i t e r i o n  f o r  c o n i c  s e c t i o n  ( - )  

* J P  : P r i n t o u t  f r equency  ( - >  

* 

P N O Z :  S t a g e  n o z z l e  p r e s s u r e  ( l b s / f t ' )  

A N O Z :  S t a g e  n o z z l e  area 

N C :  Drag c u r v e  i n d i c a t o r  

AFRO: F r o n t a l  a r e a  o f  v e h i c l e  

FISP: S p e c i f i c  Impulse (set) 
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* 

DELW: 

TDELW: 

ALTC : 

BET : 

K A :  

A :  

KB : 

B :  

* KE : 

+ %  E: 

* KH : 

* *  H :  

TLQB : 

ANS : 

KL : 

ALORB : 

KV : 

* 

VORB : 

K G :  

GORB : 

KLAT : 

TLAT : 

K L O N  : 

Weight change ( I b s )  

Event  t i m e  f r o m  b e g i n n i n g  o f  s t a g e  ( s e e >  

Impact  a l t i t u d e  ( f t  1 

Angle of  s o l i d  p r o p e l l a n t  e n g i n e  ( d e g )  

T a r g e t i n g  sequence  number f o r  p a r a m e t e r  A ( - )  

( -1  Guidance parameter A 

T a r g e t i n g  sequence  number f o r  p a r a m e t e r  B ( - >  

Guidance parameter B ( - >  

Termina l  c o n d i t i o n  sequence  number f o r  ( - >  
ene rgy  

Te rmina l  c o n d i t i o n  e n e r g y  ( f t  ' / see  !? 
Termina l  c o n d i t i o n  sequence  number f o r  any 
momentum (-1 

Termina l  c o n d i t i o n  a n g u l a r  momentum ( f t 2 / s e c )  

S t a r t i n g  t i m e  for l i q u i d  b u r n  ( s e e )  

S o l i d  p r o p e l l a n t  n o z z l e  area ( f t )  

Termina l  c o n d i t i o n  a l t i t u d e  sequence  number ( - 1  

Te rmina l  c o n d i t i o n  a l t i t u d e  ( f t )  

Termina l  c o n d i t i o n  v e l o c i t y  sequence  ( - >  
number 

Te rmina l  c o n d i t i o n  v e l o c i t y  sequence  
number ( f t / s e c )  

Te rmina l  c o n d i t i o n  f l i g h t  p a t h  a n g l e  
sequence  number ( -1  

Te rmina l  c o n d i t i o n  f l i g h t  p a t h  a n g l e  ( d e g )  

Te rmina l  c o n d i t i o n  l a t i t u d e  sequence  number ( - )  

Termina l  c o n d i t i o n  l a t i t u d e  ( d e g )  

Te rmina l  c o n d i t i o n  l o n g i t u d e  sequence  ( - >  
numb e r 
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TALA: Te rmina l  c o n d i t i o n  l o n g i t u d e  ( d e g )  

WTSOL: T o t a l  s o l i d  p r o p e l l a n t  ( 1 b s )  

I S P :  S o l i d  p r o p e l l a n t  s p e c i f i c  impu l se  (set) 

* SOLN: Number of solid p r o p e l l a n t  e n g i n e s  ( - >  
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TEST CASE FOR MEMO DATE 270268 

SAMPLE LAUNCH TRAJECTORY OPTIMIZING TIME WITH KICK ANGLE 
. 1408+17  20903520 .00 -0  72.00 28.00 280.00-0 99655.00 1 

-.oo -.oo -.oo -.oo -.oo I( -.OB 
1 3 1 

3 5 -0 -0 3 
10 .000  1.000 .001 

150 .000  -.096 -.ooo -.ooo -.0n0 -.ooo 
185.000 -.072 -.ooo -.ooo -.ooo -.ooo 

350000 .00  280oo.00-o 4250oo0 .00 -o  725no00.00 14000.00-0 -.oo 
2116 .20  500.00 5  800.00 -.oo -.oo 10.00 

-.oo -.oo-0 -.oo-0 -.oo -.oo-0 4.00 
-.oo -.oo 5 8oO.on -.oo -.oo -.oo 
-.oo 25o0 .00 -o  9oo000.01-o ioonoon.no - .oo-0 250 .00  
-.oo -.oo-0 -.oo -.oo 8000.00 10.00 

1 .4ooonn 2 - . o o ~ ~ o o o - o - . o o o o o o o o  -n -.oonoonoo -.ooo 
99000.00 2000.00-0 - . O O - O  900000.01 -. 00-0 -.oo 

1 .uooooo 2 -.oon~ooo-u-.nooonooo -n -.ooooonoo -.ooo 
25000 .00  450.00-o 2zoono.oo-o 2oooon.no 4000.00 3 150 .00  

1 .uoooon 2 - . o u o ~ o o o - o - . ~ ~ o o o o o o  -0 -.nonooooo -.ooo 
1 6neo00.00 2 -.oo 3 -.on-o -.oo-0 -.oo -.ooo 

1 .050000 

SVAHIO 
GMIU = 
RADIUS = 
KAZ = 
A21 = 
ALATI = 
ALAMDI = 
KP 
PAYLO = 

- - 
N T I T L E  = 
VZEHO 
GAZER0 = 
ALZERO = 
RAZCHO = 
T I Z E H O  = 
KK 
AKICK = 
DELTK = 
PLANET z 
ATMOS = 
CL 
NUMP = 
NUMT = 
BEND 

- - 

SECTION 1 
NTAPG = 
NOPTI  = 
CPS = 
EPS = 
EPS = 
%OPT IO 
EX - 
G 
WX - 
EP 
C 

- 

. 1 4 0 7 6 0 0 0 + 1 7 r  

.20903520+08 ,  

.72000000+02~ 

. 2 b O O O O O O + O 2 ~  

.28000000+03~ 

. 9 9 6 5 5 0 0 0 + 0 5 ,  
1. 

- . o o o o o o o o + o o ~  
-.oooonooo+oo, 
-.oouoooOo+ou~ 
- . 0 0 0 0 0 0 0 0 + 0 0 ~  
-.nooonooo+oo, 

40 
- .7999999R-01,  

. 2 o o o n o o o + o i ~  
3, 
1, 

.00000000+00~ 

-, 

-, 

3 I4 5 NTT = 
3 

. 1 0 0 u 0 0 0 0 + 0 1  
, 9 9 9 9 9 9 9 9 - 0 3  

. i o o o o o o o + w  

.150~@000+03~ 

. 1 8 5 O U 0 0 0 + 0 3 ~  
1, 

. 499?9999-01 r  
- . ~ 5 9 ? w ~ e - o i ,  - .oooooooo+oo.  - .onn~oono+no,  -.onoonoon+ool 

2.00 

1.00 1-0-0 1-0 i o  
-.oo -.o-0 
1.00 1 1-0 1-0 i o  
-.oo -.o-0 
1 . 0 0  -0-0-0 1-0 5 0  
-.oo -.o 2 

1.00 -0-0 2 2-0 2 0  

1.00 -0-0-0 2-0 50 

-.n00 -.0n0 

-.on -n 

-.no -0 

-.no 3 

-0 NPYCll -n 

TABLE 3 
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- . O U O O O O O O t O O ~  

- . O O O O O O O O t O O ~  
- .71999999-01,  - . o ~ o o ~ o o o t o o ,  - . o n o n o o n o t o o ~  

DATE 270268 

u 
SEND 

5EGYENT 

wow = 
KTH = 
TIMOP = 
NFLAG = 
ANOZ = 
TDEL,rl = 
mt, = 
KH = 
KV = 
KLAT 5 

EOT = 
S E G ‘ I E  t.1 T 

wow = 
KTH 
TIYOI’ = 
NFLAG = 
A l l02  = 
Kt) 3 

h H  = 
KV I 
KLAT = 

TUELl i  = 

EOT = 
5EG’IEIIT 

bUW = 
K T H  z 
T l Y O r  = 
NFLAC, 3 

ANOZ 5 

T0EL.d = 
Ki, 3 

KH = 
KV = 
KLAT = 
L O T  z 

S E G 4 l l r T  

W O W  = 
KTI i  = 
:I!?GI’ = 
NFLAG 2 
At402 z 
TbELW = 
KI, = 
Kt l  I 
K V  = 

- .ooooonootno, 

1 S t C T l O N  1 

. 3 ~ U O O ~ O O t O 6  
- 0  

-0 
.50000 l100403 
. 1 O U O O ~ O O t 0 2  

0 
0 
0 
0 

- .00000000 

.nnuonooo 

z LLCTION 1 

-.nn~1uunoo 
-0 

-0 
.4 o o o n n o o t o  1 

-. oouuoono 
- . o n u u o o n o  

U 
0 
U 
0 . unoooono 

S SECTIOFJ 1 

- . o n u o o n u n  
-0  

-0 
. z 5u (I n n o o t o  3 

. i o o u o n n o t n z  
- . o nu 11 n n 11 o 

2 
- u  

0 
0 

.oooounon 

4 SLCTIOPJ 1 

. 9 9 U O O O f l O t ( 1 5  
-0  

2 
-. couuaono 

. o n  11 o nn (1 o 

. UOUO on n u  

2 
-U 

0 

kUOT 
T h  
LELT 
1.Y 
AFRO 
ALTC 
Ij 
I1 
VORO 
l L A T  
kOTF 

. 2 ~ 0 o o n n o t n 5  

. i n o o o o o o t n i  

. ~ n o o o o n o t o 3  
-.onoooono 

.onoonono 

. o o o o o o ~ n  

. oooooono  

.onoooooo . onoonnoo 

. 7 2 5 0 0 0 0 0 t 0 7  

-0 

- . 0 0 0 0 0 0 ~ 0  
-.onoonooo . i n o o o n o o t ~ i  

.enoononotn3 
-.onoonnno 

.onoooono 

.oooooono 

.onoonooo 

.0@0000110 

.onoooono 

-n  

KPR 
P L  
NG 
J P  
F I S P  
KA 
KE 
K L  
KG 
KLON 
WD 

- 0  
. 1 4 o o o o o n t n 5  

1 
10 

. ? s e 9 7 a 5 7 t n 3  
n 

n 
0 

0 
0 

. ooonoooo  

PnnP 

Pr inz  

KT 
NSY 

OFLW 
A 
E 
AL.ORlc 
GORR 

.4 2 %;no n n n t n7 
-0  

. ? I  i w n n n t n 4  
-.nn(~nnnnn 

.nnnnnnnn 

.onnnoonn . ocrn nonnn 
.onnnn(~nn 
. o n n o o n i n  
.nnnnnnnn 

-0 

TALA 
TD 

wliOT 
I l l  
VCLT 
I”Y 
A F R O  
A L T C  
I1 
I /  

TLAT 
LOTF 

voRr4 

KPR 
P L  
NB 
J P  
F I S P  
KA 
KE 
K L  
KG 
KLON 
WD 

PRnP 
KT 
NSW 
PNOZ 
OFLW 
A 
E 

G O R P  
TALA 
T n  

ALnw 

-.nnninnnn 

-.(~nnnnnnn 
-.clnnnrnnn 

. n n n n o n n r ,  

. ~ o n n n n n n  . 11 n (I o P n  n n . n n n nn n nn 

. n n n n n n n n  

.nnnnn(~nn 

-‘I 
1 

. 25oooooo  t o 4  . i n n o n o n o t n 7  . i o o o n n n o + 1 i  
-n 

-.onoonnnn 
-.onoonono 
-.409999q9-03 
-.00@00000 

. o o o o o n n n  

.onoooono 

. ooounnnn  

KPR = -0  
PL = - . o o o o n n o n  
t l G  = -0 
J P  so 

.4nooonnn tn3  F I S P  
h A  = 1 
KE = -n 
K L  = 1 
KG = n 
KLON 0 
W O  = .nnononnn 

PROP 
KT 
N5W 

OFLW 
A 
E 
ALnRn 

TALA 

P r m z  

G n w  

TD 

. ~ n n i o n n i  t n h  

-0 
-.nnnnnnnn 

. e n n n o n n n t n ~ ~  

. ~ ~ n n i o n n n - n n  
- . o n n i o n r r  

.oonnonnn 

.nnnnnnnn 

.nonnnnnn 

. ~ n n n ~ n n n  

-0 

l L A T  
CbTF 

bLOT 
T I ,  
1:t L T  
111 
A t  RO 
ALTC 
li 
I1 
LOHH 

. 2 n o o n o n o t n 4  

. 9 0 o o o n o i t n h  

. o n o o n o n o  

.oooonono 
-.4999qo99-n3 
-.onoonnno 

. o n o o n o n o  

.100 !39 I lnOt@l  
-n 

KPR = 
P L  = - 
N G  = 
J P  = 
F I S P  5 
KA = 
KF = 
K L  I 
K 6  = 

-0 

- 0  
2n 

1 
-0 

0 
0 

. . o o o o n n o n  

. 4 s o n o o o n t n ~  

PPOP 
KT 
N<’d 
PNnZ 
nFLW 
A 
c 
A L O R H  
GCRR 

- .nnnnnrnn 

.nnnnnnin 

.nnnnnnnn 

.qnononnn-n‘~ 
- .nnnnon in  

.nnnnnnnn 

.nnnnnnnn 

-1 
-0 

Ti,!. ..i- . 



KLAT = 
E O 1  = 

SEGMENT 5 

WDW = 
KTH = 
T I M O P  = 
NFLAG 
ANOZ = 
TUELW = 
KB = 
K H  = 
K V  z 
KLAT = 
EO1 I 

TEST CASE FOR MEMO 

0 TLAT 5 

.onooonoo t O T F  = 
SECTION 1 

. 2 5 O O O O O O t O 5  
-0 

-0 
. i ~ o o o n o o t o ~  

.onuooooo 

.ooooonoo 
2 

-0 
2 

-0 
.onooonoo 

WDOT 
TH = 
O€LT = 
NY = 
AFRO = 
ALTC = 
0 
I 1  
L'ORR I 
TLAT = 
tOTF E 

- - - - 

.oooooooo 

.onoooooo 

. ~ ~ ~ o n o o o t n ~  

.2noooooo+n6 

. ~ n o o n o o o t n i  

.onoooooo 

-.oooooono 

-.onoooooo 
.ooooonoo 

-0 

.oooooooo 
-.4999'4999-03 

-.oooooooo 

KLON = 
YD = 

KPR 
PL = 
NG = 
J P  = 
F I S P  = 
K A  = 
KE = 
KL 
KG = 
KLON = 
WD = 

DATE 270268 

0 
.oooooooo 

- 0  
.4OOOOOOfltO4 

- 0  
50 

.44444444+03 
1 

- 0  
1 
3 

-0 
.onoonoon 

.onononnn 
in = .onnnonnn 
TALA Z 

PROP 
K T  
NSY 
PNOZ 
DFLW 
A 
E 
ALORR 
GORR 
TALA 
in 

.22nnnnnntnh 

.onnnnonn 

.oonnnnnn 

.~nnnonnn-no 
-.nonnnnn(r 

. m n n o n n n t n 6  
- .nonnnnnn 
- .onnnnnnn 

.ononnnnn 

3 
-0 

'I'AbLE ' I 



TEST CASE FOR MEMO 

SAMPLE LAUNCH TRAJECTORY O P T I M I l l N G  TIME WITH K I C K  ANGLE 

GENERAL CONSTANTS 

DATE 2 7 0 2 6 8  

GRAVITATIONAL PAFAMETEHS 
CENTRAL BODY HADIUS 
K I C K I N G  TIME INTERVAL 
K I C K  ANGLE 
LAUNCH AZIMUTtI  
LAUNCH LATITUUE 
LAUNCH LONGITUDE 
PAYLOAU 

. 1 4 0 7 6 0 + 1 7  FTS/SEC2 

2.000 SEC 
-.OR0 DEG 

72.000 DEG 
28.000 DEG 

9Y655.001 LRS 

2o903520.000 FT 

280.000 DFG 

INPUT PARAMETERS SECTIOtJ 1 SEGMENT 1 

HIIUPUOUT WEIGHT 350000.00  LHS NOZZLE PRESSllllE 
l i ! IRbl I t lG HATE 2RflOU.00 LHS/SEC NOZZLE AREA 
PROPELLANT 4250000.00  LB5 FRONTAL AREA 
SPEC. IMPULSE 25f1.93 SFC THRlJST 
A . o o o o o o  n 
STAGE GUIDANCE GRAVITY TURN 

COASTIf lG PERIOD 
COA5TII iG T IME 4.00 INTEGR. INTERVAL 

INPUT PAHAVETERS SECTIOI.  1 SFGMFNT 3 

HlJltllOUT WEIGHT -.oo LFIS NOZZLE PRESSIRE 
H!lI<PIItJG RATE 250U.00 LH\/SEC NOZZLE AREA 
PROPFLLAdT 625000.00  LR5 FRONTAL AREA 
SPEC. IMPUL5E 400.00 SEC THRIIST 
A .4OOOO 0 n 
STACE GUIDAtiCt L I t IEAI< TANGENT 

I I ~ P I J T  FAhAWFTEHS SFCTIOPI 1 SEGMFNT 4 

I'IIIINOUT WEI6 t l l  99000.00  LPS NOZZLE PRESSCIRE 
t URP!It!b R A T t .  2noo.00 LRS/SEC NOZZLE AREA 
PWOPELLAtrT 2 7 5 0 0 0 . 0 0  LRS FRONTAL ARFA 
SPEC. IMPULSE 450.00  SEC THRIIST 
A .40oonci  4 
STAGE GUIDANCt L I I IEAR TANGEN1 

IPIPUT PARAMETtRS SECTIOh 1 SEGMFNT 5 

OllRPIOUT WEIGH1 25000.00  LPS NOZZLE PHESSIIRE 
[ IUIINING HATE 450.00 LRWSEC NOZZLE AREA 
PI*OPE LLAIIT 2 2 0 n o o . i i o  LHS FHOP'TAL AREA 
SPEC. IMPULSE 444.44  5EC TIIRIJST 
A . 4 o o o n u  n 
STAGE GUIDANCt L INFAf l  TAVGEVT 

V E H l C L t  WEIGH1 l I I5TOHY 

SEC 1 5EG 1 I N I T I A L  k F I G l l T  596'3655. LPS. F I N A L  WFIGHT 

I N I T I A L  CONDITION 

VELOCITY 
FLIGHT PATH ANGLE 
TIME 
ALTITUDE 
RANGE 

2116.20 LHS/FT2 
500.00 F T 2  
R O O . 0 0  F T 2  

7250000.00  LRS 
.oooooo 

STAGE flURNING TIME 

1.00 SEC 

-.OO LRS/FT2 
-.OO F T 2  
- . O O  FT.? 

- .000500 
STAGE BIJRNING TIME 

inooooo .oo  LHS 

.OO LRS/FT2 

.OO F T 2  

.00 F T 2  

- .000500 
STAGE BURNING TIME 

9 o n n o o . o i  LHS 

- 0 0  Lf lS/FT2 
. O O  F T 2  
.On F T 2  

2001100.00 LRS 
- .000500 

STIIGE f1ItHNING TIME 

1 7 1 9 6 5 5 .  LH5. 

EVENT TIME 
INTEGR. IPITFRVAL 
WEIGHT CHAINBE 
INTFIR STAGE PAYLOAn 
DELTA V 

151.79 5Er 

EVENT TIME 
INTEGR. INTFRVOL 
WEIGHT CHANGE 
INTER STAGE PAYLOAD 
DELTA V 

250.00  scc 

EVENT TIME 
INTFGR, INTF RVAL 
k E I G l i T  CHANGE 
INTER STAGE PPYLOAQ 
DELTA V 

137.50 SEC 

EVENT T I Y E  
INTEGH. INTFRVbL 
WEIGHT CliANGE 

-.non F T / ~ F C  

-.non SFC 
-.nno FT 
-.no0 NUII FS 

-.On0 nFG 

1n.m ClFC 
i . n n  C ~ F C  

eono.nn I P ~  
-.no I 6 5  

8 0 7 R . 6 5  F T I W C  

.nn 5rc 
r.nn \rc 

.nn L 145 
-.on t . 1 1 ~  

6942.34 F T / S F r  

SEC 1 SEG 2 I N I T I A L  WEIGHT 1 3 5 5 6 5 5 .  LlCS. F I N A L  WFIGHT 1355655. LIJ5. 
SEC 1 S t G  3 I I J I T I A L  WEIGllT 13S5655.  LPS. F I N A L  WFIGHT 7 2 2 6 5 5 .  LRS. WGllT DFCK. R O O @ .  LR 

.A!'!.!. ' 



TEST C4SE FOR MEMO DATE 2 7 0 2 6 8  

SEC 1 SEG 4 I N I T I A L  WEIGHT 7 2 2 6 5 5 .  LRS. F INAL WEIGHT 4 4 7 6 5 5 .  LB5. 
SEC 1 SEG 5 I N I T I A L  WEIGHT 3 4 8 6 5 5 .  LRS. F INAL WFIGHT 2 8 1 1 5 5 .  L6S. UNRRNU PROP. 1 5 2 5 0 0 .  LF! 

TARGETING PARAMETERS 
SEC 1 SEG 3 A = .40000000-00 

SEC 1 SEG 4 A = .40000000-00 

StC 1 SEG 5 A = .40000000-00 

StC 1 SfG 5 TIkIOP E . i 5 0 o o O o o + n ~  

SEC 1 StG 3 H = - .49999999-03 

SEC 1 SEG 4 H 5 - .49999999-03 

5EC 1 S t b  5 II = - . 4 9 9 9 9 9 9 9 - 0 3  

OPT I M I  L I f &  PARAMETERS 
A K I C K  = -. 13962634-02 

TERMINAL CONOITIOIIS 
2 v =  .2?560208tO5 
3 GAMMA = -.0onuuooo 
1 ALT = .6OUOOOOO+O6 



TEST CASE FOR MEMO DATE 270268 

T I M E  VELOCITY GAMMA ALTITUDE RANGE LAT LONG WEIGHT THRUST DRAG ALPHA 0 HFAT lN6 
( L P / F T I  ( L R S I  (nEG) ( L R / F T ? I  ( S E C I  (FT /SECl  ( D E G I  ( F T )  (N.MILES) (DEG)  IDEG) ( L R S )  (LBSI 

693.29 25543.80 -2.178 247981. 1374.432 29.51 306.09 281155. 200000. . O  9.655 
693.29 25327.04 -1.423 346652. 1364.079 29.52 305.90 281155. 200000. .n 10.303 
693.29 25263.83 -1.156 371516. 1361,780 29.52 305.85 281155. 200000, .o 10.974 
702.66 25482.14 -1.082 366867. 1398.218 29.48 306.55 276936. 200000. .n 10.655 
725.70 25597.54 -.29R 592439. 1454.617 29.40 307.62 266570. 200000. .O 4.058 
ITERATION 1 

DETERMINANT OF A .28898735+05 
MAXIMUM RELATIVE CORRECTION .10365741-06 

APPROXIMATE SOLUTION RESIOIJAL VECTOR 
.57444IJ14-00 -.155607n3toS 

-.89263610-03 .17329346+02 
.18241040tOJ -.51961053-02 

727.18 25579.12 ,020 613079. 1458.984 20.40 307.71 265S03. 200000. - 0  5.193 
I T F R A T I O N  2 

OETEHMINANT OF A IT -.18328755+06 
MAXIMUM RELATIVE CORRECTION I .25597374-06 

A I ' W O X  IPIATF SOLUTION t E S I C U A L  VECTOR 
.56584459-00 .50793750t04 

-.83004022-O3 -. 10925293t01 
,18389352tUJ .34177748-03 

72b.132 2558n.07 ,004 608273. 1458.344 79.40 307.69 266064. 200000. 
I T ~ R A T I O N  3 

.n 5.314 

UETLHCIYAtvT OF A Z -.17073481+06 
Mh,XIMUM RELATIVE C O R h F C T I O M  1 ,42805277-06 

APPROXIMATL SOLUTION RFCJIDUAL VFCTOR 
.>n2R7121-00 .27335q37t03 

-.022h9657-03 -.13457148-00 
.183>3h56+03 ,65654337-04 

.n 5.303 71b.PO 25580.21 .000 608003. 1458.260 79.40 307.69 266P74. 200000. 



DATE 270268 TEST CASE FOR MEMO 

T I M E  VELOCITY GAMMA ALTITUDE RANGE LAT LONG WEIGHT THRUST DRAG ALPHA 
(SECI  IFT /SEC)  (DEG) ( F T I  1N.MILES) IOEGI IDEG) I L O S I  I L R S I  (LRS)  (DEC.1 

ITERATION 4 

DETEKMINANT OF A = .34044337+04 
MAXIMUF' RELATIVE COHRECTIOII ,20766562-06 

APPHOXIMATE SOLUTION RESIDUAL VECTOR 
.56294U31-00 .31093750+01 - .02331502-03 .41503906-02 
.ld351357+03 .17550919-05 

I T E R A T I O N  4 
-.13962634-02 .18351357+03 

.166b6672-00 .onoonooo 
726.811 25427.21 .i27 673080. 14~2.290 29.3~ 307.3R 266n74. zonooo. .n 5.175 

.0 6.156 726.80 ?5ii9.10 1.138 R10324. 1475.367 29.40 307.06 2 6 6 ~ 4 .  2ooono. 
726.00 25010.66 1.594 653782. 1470.692 29.4@ 306.97 266074. 200000. .n 7.3511 
738.27 25279.32 1.655 R61954. 1463.769 20.34 307.79 260913. 200000. .O 6.703 
728.20 75584.30 .005 606901. 1457.8R3 29.35 307.hR 265443. 200000. .n 6.95') 
ITEHATIOFI  1 

O E T L W I N A N T  OF A Z .93425565+05 
IMAXIMUV RELATIVE COHHECTION .54876075-06 

APPHOXIYATE SOLUTION RFSIDIJAL VECTOR 
.51714577-00 -.10985547+04 

-.09004257-n3 .40959472+01 
.Id4915.36+03 .93777864-04 

728.10 255110.24 -.flOn 608033. 1457.270 29.36 307.67 265490. 20000I3. .O h . 8 8 6  
I T E R A T l O N  E 

DETtAF'1'rAI.T OF A .23R92201+06 
MAXIMIJM HELAT lVE COHRFCTION = .73425869-07 

APPHOXIMATE SOLUTION RFSIDUAL VECTOR 
.5idsn125-n0 .332R1250+02 

-.69496UUO-O3 .30029297-@1 
.1R481096+03 -.104lfl617-05 

.n f i . 8 ~  728.~39 255PO.20 -.OOO 608001. 1457.275 29.36 307.67 265492. 200000. 

' I ' A R L . ~  ' I  



TEST CASE FOH MEMO DATE 270268 

T I M E  VELOCITY GAMMA A L T I T U D E  RANGE L I T  LONG WEIGtIT THRUST DRAG ALPHA 
I S E C I  ( F T / S E C I  (DEGI  ( F T I  (N.MILES) (DEG)  ( D E G )  (LEIS1 ( L R S )  ( L H S I  (DEGI  

I T C H A T I O N  3 

DETERMINANT OF A = -.10537121+04 
MAXIMUM R E L A T I V E  COHRFCTION = .15999942-05 

APPHOXIMATE SOLUTIOPI 
.31846674-00 -. h94B3922-03 
.184RO733+ 0 3  

I T C H A T I O N  3 

728.09 25804.47 -.248 
728.00 25591.28 .hbq 
770.0Q 25496.01 1.U46 
139.h4 25769.07 1.147 
725.14 25573.26 -.OJh 
ITERATIUP4 1 

-.13543755-02 

RESIDlJAL VECTOR 
.a5156~50-110 

-.90332031-02 
-.529$6024-08 

.184h0733+03 
477765. i't89.05n 70.39 30o.m 265492. z n o o n n .  .I1 7.136 
hU74RO. 1473.059 70.41 307.98 265492. z n n o n o .  .n 8.1141 
6 ~ 4 8 2 0 .  i ~ 6 ~ . 9 9 9  70.47 307.90 765492. znoooo.  .n 9.051 

.n 3 . ~ 1 9  

.n 8 .551  h50YR1. 1513.736 29.35 308.75 260294. 200000. 
601175. 1457.083 29.43 307.69 266R22. 200000. 

Ljt.TEHrlINANT O r  A = .74554373+05 
YAXIMUM RELATIVE COHH~CTION = .2929690n-o6 

APPHOXIMATE SULUTION RESIDUAL VECTOR 
.60566029-00 -.682~5i=i6+11~ 

- . 6 9 ~ + 5 8 0 i t n i  - . 114 7(, 3 1 Y n - o 3 
.18195UB1+03 -.620Aql44-II3 

7 i + , . ~ z  2 5 3 8 i . i ~  -.oo5 hb7444.  iz60.405 29.43 3117.74 266473. zonono. .n 3.695 
I T E H A T I O h  2 

O€Tt.HYIbiA~lT UF A = -.11911584+06 
~ A X I Y U H  RELATIVE COHHECTION .3q760323-07 

APPHOXIMATE 5CL i i T I O N  f l t 5 I D I I A L  VECTOR 
.,,Oofl~518-00 -.55602343+03 

.10273t>fl0+03 -.R1391927-04 
-.Y5400245-03 . R O ~ A ~ T S H - I I O  

720.~4 2 s ~ n . 2 6  .ooo m e o w .  1460.477 zs.43 307.74 266415. zooono.  .o 3.7175 

'I'AHLt. I ( !  



TEST CASE FOR MEMO DATE 270268 

T I M E  VELOCITY GAMMA ALTITI IDE RANGE LA7 LONG WEIGHT THRUST DRAG ALPHA 
( S E C I  (FT/SEC)  (DEG) ( F T I  (N.MILES) IDEG) (DEG) ( L R S I  (LBS) ( L R S I  (DEB1 

I T E R A T I O N  3 

DETERMINANT OF A = -.10672687+05 
MAXIMUM R E L A T I V E  COHRECTION 2 ,40509496-07 

APPROXIMATE SOLUTION RE5IDUAL VECTOR 
.60894394-00 .41640625+01 

-.95436139-03 .53710938-01 
,18275598tO3 ,17974518-05 

I T E H A T I O N  3 
-.14381513-02 .18275598+03 

.i666667~-no -.25589093-01 
716.04 25714.81 -.127 547312. 1474.430 29.45 308.01 266415. 200000. .n 3 . ~ 2 9  
726.04 25379.8~ .92n 690593. 14~6.010 29.47 307.65 266415. 2ooono. .n 4.948 
726.04 25253.80 1.434 739770. 1450.560 29.48 307.55 266415. 200000. .o 6.355 

725.42 25576.37 -.016 605571. 1462.274 29.46 307.77 266693. 200000. .n 2.237 
737.46 25522.41 1.494 747174. 1494.144 29.42 30R.313 261275. 200000. .0 5.770 

I T E R A T I O N  1 

DETERMINANT OF A = .ii0~~138+n6 
MAXIMUM K E L A T I V E  CORHFCTION = .43591105-06 

APPROXIMATE 5OLUTION RESIDUAL VECTOR 
.h51H7442-00 -.24294922+04 

-.10762975-02 -.38334960+01 
.lfl213695+03 -.2~794225-n3 

725.66 25578.92 -.007 606915. 1462.996 2q.46 307.79 266588 
I T E R A T I O N  2 

DETERMINANT OF A = -.96554774+04 
YAXIMUM RELATIVE COHRECTION = .20851191-06 

APPHOXIMATE SOLUTION RES1OUb.L VECTOR 
.65231036-00 -.ioa47~22+04 

-.107663h6-02 -.i2844238tni 
.lM2370H4+03 -.12224160-03 

725.81 25580.21 -.ooo 607997. 1463.4fi7 29.46 307.130 266518 

200000 

200000 

.n 2.227 

.0 2.217 



TEST CASE FOR MEMO DATE 2 7 0 2 6 8  

T I M E  VELOCITY GAMMA A L T I T U D E  RANGE L A T  LONG HEIGHT THRUST DRAG ALPHA 
( S E C I  (FT/SEC)  (DEGI ( F T )  (N.MILES1 (DEGI I D E G I  ( L B S I  ( L B S I  (LRSI  ( D E 6 1  

I T E R A T I O b  3 

DETEHMINANT OF A . 4 4 9 3 5 8 4 0 t 0 4  
MAXIMUM R E L A T I V E  CORRECTION = .38901559-05  

APPROXIMATE SOLUTION RESIDUAL VECTOR 
,65271221-00  - .26953125+01  

. 1 8 2 5 2 6 6 3 + 0 3  - .22447966-06  
- .10771379-02  . 4 1 5 0 3 9 0 6 - 0 2  

I T E R A T I O N  3 
- .14767953-07  . 1 8 2 5 2 6 6 3 + 0 3  
- . 2 5 5 8 9 0 ~ 3 - 0 i  

- . 2 5 5 8 9 0 9 3 - 0 1  - .26503937-01  
725 .81  25581 .50  - . 0 0 1  6 0 7 4 0 5 .  1463.580 29 .46  307.RO 2 6 6 5 1 8 .  200000. .n 2 .218  
725 .A1  2 5 2 2 8 . 3 1  1.110 756841 .  1444.062 29.49 307.43 2 6 6 5 1 8 .  2 0 0 0 0 0 .  .(I 3.436 

737 .22  25356 .15  1 .728  8 1 9 9 7 2 .  14R1.044 29 .44  30R.13 2 6 1 3 8 4 .  2 0 0 0 0 0 .  .n 4.343 
7 2 5 . 8 1  2 5 5 8 0 . 1 6  - . U O O  6 0 7 9 8 7 .  1 4 6 3 . 4 8 5  29.46 307.817 2 6 6 5 1 9 .  200000. .@ 2.203 

- 0  5.032 7 2 5 . 8 1  25088 .77  1 .691  811392 .  1437 .971  29.50 307 .31  2 6 6 5 1 8 .  200000. 

I T E R A T I O N  1 

DETLHMINANT OF A = . 1 3 0 6 2 1 2 6 + 0 6  
VAXIMUM R E L A T I V E  CORI<ECTIOEI .27393134-06  

Ak’PHOXIMATE SOLUTION RESIDUAL VECTOR 
. 6 5 3 1 4 2 9 9 - 0 0  - . 1 ~ 4 2 9 6 0 7 + n z  

- .107R3476-02 - . 4 3 7 0 1 1 7 ~ - 0 i  
. 1 ~ 2 5 2 3 5 3 i r 1 3  - i 2 0 9 3 ~ 2 5 0 - 0 5  

775.81 255no .21  -.eon 6 0 7 9 9 8 .  1463.494 29.46 307.90 2 6 6 5 1 8 .  ~ O O O O O .  
I T L R A T I O N  2 

O€TCHMINANT OF A = - .22970394+04  
MAXIMUM R E L A T I V E  CORRECTION Z . 1 0 7 3 9 3 5 4 - 0 5  

APPROXIMATE SOLUTION 
. 6 5 3 1 4 3 7 2 - 0 0  

. 1 8 2 5 2 6 6 0 + 0 3  
- . 1 0 7 0 3 3 7 i - 0 2  

I T E R A T I Q h  2 
- . 14771705-07  

RCSIDUAL VECTOR 
- . 1 6 4 0 6 2 5 0 + f l l  

.24 ’+14063-02 
- .24065229-08  

1 0 x ~ 6 6 0  + n 3  



TEST CASE FOR MEMO 

SAMPLE LAUNCH TRAJECTORY O P T I M I Z I N G  TIME WITH K I C K  ANGLE 

GENERAL CONSTANTS 

DATE 270268 

GRAVITATIONAL PARAMETERS 
CENTIIAL BODY k A D I U S  
K I C K I N G  TIME INTFRVAL 
K I C K  AIVGLE 
LAUNCH AZIMIITt i  
LAUlrCI1 L A T I T I l U t  
LAUfJCH LONGITUUL 
PAYLOAU 

.11(0760*17 FT3/SEC2 

2.00fl  SEC 
- . O f l 5  DEG 

72.000 DEG 
28.000 DEG 

2flO.On0 DEG 
9 9 6 5 5 . 0 0 1  LRS 

209U3520.000 FT  

INPUT PAHAMETERS 5ECTIOhl 1 SEGVFNT 1 

wiKriOur WEIGIIT 3soooo.no L ~ S  NOZZLE PRESSURE 
L3~IHfI I~JG HATE 7ROOU.00 Ln\ /SEC NOZZLE AREA 
mor’rLLAr:T 4 7 s 0 n 0 0 . 0 0  L l l 5  FRONTAL AREA 
\PEC. IMPUL5F 258.95 5FC THRUST 
A .ooooou  1% 
STAGE ClUIDANCt GRAVITY TURN 

COASTIIIG I’ER 101) 
COASTII1G TIME 

INPUT PAl<AMC T€I<S 

!4UHtJOUT U E I G I I I  
1. IHP.IIdb I iATL 
PUOI’ELLANT 
SPCC. IMPULST 
A 
STAGE GUI3AIICk 

INPI IT  PAHAMtTEII’i 

I “JI: i IOU T rvE I G t I T 

PROPFLLAiiT 
5PEC. IMPULSC 
A 
S T A b E  bLlI[ IAIICL 

n l i ~ r ~ ~ i i b  IRATE 

I l i P U T  PAHAMtTEI?S 

k ~ I I K N O U 1  WEIGHT 
t i O l 2 t ~ I f i b  HATE. 

SPLC. IMPULST 4 4 4 . 4 4  SFC 
A - 6 5 3 1 4 4  
T.T4<+. W I J A I I C L  L INFAP TANGCtlT 

I’HOI’ELLANT x o n u u . o o  ~ 1 1 5  

4.00 INTEGR. INTERVAL 

5ECT101.1 1 SEGMFNT 3 

-.no LP!, PIOZZLF PRESS1 IRE 
7500.00 LR5/SEC NOZ7LE AREA 

6 2 5 0 0 0 . 0 0  LR5  FRONTAL ARFA 
400.00 S E C  THPlJST 

.6S3 1 4 4  R 
LINEAR TANGENT 

SECTION 1 5EGMFNT 1( 

Y ~ O O O . 0 0  LRS NOZZLE PRESSIIRE 
2OUU.00 L n S / S F c  tJOZ7LE A R E A  

2 7 5 0 0 0 . 0 0  LPS FRONTAL AREA 
45u.00 S€C THRIIST 

-653144 n 
1 I h C A R  TANGENT 

SECTIOlr 1 SEGMENT 5 

25000.00 LV’7 fJOL7LF PRESSIIRE 
45U.110 LR5/SEC NOZ7LE ARE4 

FHOFITAL AIIFA 
THRllST 
I 3  

V E t ‘ I C L t  nEIGl lT t+ISTOKY 

S t C  1 5tu 1 I t l I T l A l  WEIGllT 5qhVt i55.  LPS. F I N A L  WFIGHT 
SbC 1 5LG 2 I l l I l I A L  C E I G H T  1355655 .  LL75. F I N A L  WFIGHT 
5LC 1 5F.G 3 I I I I T I A L  hEIGI iT 3 7 5 S 6 5 5 .  L13S. F I N A L  WFIGHl 

I N 1  T I  A L  CONDITIOIJ 

VELOCITY -.nnn FTKFC 
F L I G H T  PATH ANGLE -.on0 nFG 
TIME -.flfln SFC 
ALTITUDE 
RAIJGE - . O f l l l  N M I I F S  

-.flflIl FT  

7116.20 L R S / F T 2  EVENT T I W  
500.00 FT2  IPITEGH. INTFRVAL 
800.00 F T 2  WEIGHT CHANGE 

7250000.00 LHS INTFIR STAGE PAYLOAD 
.ooonoo DELTA V 

151.79 SEC STAGE HtIRIJING TIME 

l.nO SEC 

-.On I.OS/FT2 CVCNT TIL lE 
-.OO F T 2  INTFGII. INTFHVAL 
-.OO FT2  *EIGHT CHANGE 

inoonoo .on  LBS INTER STAGE PAYLOAq 
- .001078 DFLTA V 

STAGE tlURNING TIME 250.00 SEC 

. O O  LI3S/FT2 EVENT TIME 

. O D  F T 2  INTEGR. INTFRV4L 

.OO F T 2  WEIGHT CHANGE 
9 o n n o o . o i  LRS INTER STAGE PAYLOAD 

S T A G  IlURNING TIME 137.50 SEC 
- .001078 DELTA V 

. O O  LOS/FT2 EVENT TIME 
.OO F T 2  INTEGR. INTFRVPL 
.00 F T 2  WEIGHT CHAIIGE 

2onnoo.oo LUS I l l TER STAGf PAYLOAn 

STAGE i3llRf.IING TIME 1R7.53 SCC 
-.OOlr)78 UCLTA V 

i o . n n  s c c  
I .  n n  SFC 

8onn.nn L ~ S  
-.nn LI’S 

907f l .65 FT/SFC 

.fin SFC 
1.flfl SFC 
.on LIIS 

-.nn LHF 
6‘247.34 FT/SFC 

.on SI c 
i .nn v c  

4 o n n . n n  Liic. 
.nn LPS 

3 0 4 h . l q  F T / S F C  

1719hSS. LR5. UNIIRHD PROP. 0. Lf3 
1 3 5 5 6 5 5 ,  LHG. 

727655 .  LH5. WGHT DFCk. m o o .  LII 

‘I’AbLt. 13 



TEST CASE FOk MEMO DATE 270268 

SEC 1 SEG 4 I h I T I A L  WEIGHT 722655. LBS. F INAL WEIGHT U97655. LBS. 
SEC 1 SEG 5 INITIAL WEIGHT 348655.  LRS. FINAL WEIGHT 2 6 6 5 1 8 .  LRS. UNRRND PROP. 137863. L O  



TIME 
(SEC) 
-.oo 

10.00 
12.00 
20.00 

40 .00  
50.00 

30.00 

60.00 
711.00 
80.00 
90.00 

1 0 0 . 0 0  
110.00 
120.00 
1 3 0 . 0 0  
140.00 
150.00 
151.79 
151.79 
155.79 
155.79 
165.79 
165.79 
L o o . o n  
250.00 

3so.00 
300.00 

40u.00 
405.79 
405.79 
420.00 
940.00 
4hU.00 
'4 H 0.0 0 
500.00 
520.00 
540 .00  
593.29 
593.29 
550.00 

b50.00 
7U0.00 
725.81 

ooo.on 

TEST CASE FOR MEMO 

VELOCITY GAMMA 
(FT/SEC) (DEGI 

. l o  90.000 
78.37 90.000 
96.47 89.881 

177.86 89.159 
302.79 86.643 
459.92 82.050 
658.38 75.774 
909.95 68.561 

1202.11 61.112 
1572.56 53.962 
2033.94 47.494 
2593.24 41.858 
3258.96 37.053 
4091.67 33.008 
4956.93 29.628 
6028.77 26.823 
7294.75 24.516 
7545.33 24.151 
7545.33 24.151 
7494.22 23.344 
8705.20 19.946 
8834.17 18.595 
8834.17 18.595 
9360.54 14.3b5 

10347.37 9.303 
11591.13 5.544 
13108.05 2.978 
14941.93 1.471 
15177.94 1.35" 
15177.99 1.359 
15717.hO 1.057 
16522.b7 -726 
17386.19 .520 
18314.b5 .429 
19317.110 .446 
20403.09 .570 
21586.37 .795 
21791.17 .841 
21791.17 .841 

22842.71 .311 
23861.05 .O46 
24970.05 - .03f l  
25580.21 -.0(10 

21910.08 -765 

ALTITUDE RANGE LAT LONG 
( F T )  (N.MILES) (OEGI (DEG) 

.ooo 28.00 280.00 -0. 
376. 
551. 

1638. 

7780. 
13225. 
20617. 
30089. 
41700. 
55551. 
71698. 
90166. 

1109R8. 
134236. 
lb0068. 
1b8765. 
194224. 
194224. 
206337. 
206337. 
235267. 
235267. 
323076. 
422578. 
4Y1958. 
536455. 
502405. 
564554. 
5b4554. 
569150. 
574086. 
577712. 
580606. 
583420. 
586884. 
591827. 
592844. 
592844. 
594899, 
605052. 
608360. 
608214. 
607998. 

4016. 

MAXIMUM Q = 6n4.72UR LU/FT2 AT 

UHAR L 0 5 5 t S  E .15211737403 F T / ! k C  

,000 
,000 
.001 
,015 
,077 
,253 
.648 

1.385 
2.608 
4.482 
7.178 

10.878 
15.767 
22.045 
29.940 
39.719 
41.687 
41.687 
46.175 
46.175 

57.507 
9R.508 

165.461 
242.017 
329.864 
431.125 
443.849 
443.849 
475.937 
523.219 
573.166 
625.97 1 
681.857 
741.073 

814.670 
814.620 
03h.646 

1OI74.693 
118D.4q1 
1364 ,780 
1463.494 

57.507 

0113.9115 

76.no SEC 

28.00 

28.00 
2R.00 
28.00 
28.00 
28.00 
28.01 
28.01 
28.02 
28.04 
20.06 
28.08 
28.11 
2C. 15 
2R.20 
2R.21 
28.21 
2P.24 
2 R .  24 
28.27 
28. 27 
28.41 
2R.61 
2P.82 
2Q.03  
29.24 
29.26 
29.26 
29.37 

29.47 
29.54 
29.61 
29.66 
29.71 
29.72 
19.72 
29.73 
2Q.78 
29.73 
29.59 
29. 46 

2n.00 

29.40 

280.00 

280.00 
280.00 

280.00 

280.00 
280.00 
2R0.01 
280.02 
280.05 
280.08 
280.13 
280.20 
2R0.28 
280.4n 
280.54 
280.71 
280.75 
280.75 
280.83 
2RO.83 
281.04 
281.04 
281.80 
283.05 
2R4.48 
286.14 
288.05 
288.29 
288.29 
288.90 
289.80 
290.75 
291.76 
292.83 
293.96 
295.16 
295.37 
295.37 
295.79 
299.01 
302.34 
305.91 
307.80 

WEIGHT 
(LBS) 

5969655. 
5689655. 
5633655. 
5409655. 
5129655. 
4849655. 
4569655. 
4289655. 
4009655. 
3729655. 
3449655. 
3169655. 
2889655. 
2609655. 
2329655. 
2049655. 
1769655. 
1719655. 
1355655. 
1355655. 
1355655. 
1330655. 
1322655. 
1237119. 
1112119. 
987119. 
862119. 
737119. 
722655. 
722655. 
694226. 
654226. 
614226. 
574226. 
534226. 
494226. 
454226. 
447655. 
348655. 
345634. 
323134. 
300634. 
278134. 
266518. 

DATE 270268 

THRUST 

7250000. 
7264156. 
7270739. 
7311009. 
7394761, 
7515345. 
7666725. 
7833799. 
7999517. 
6126853. 
8214664. 
8264851 a 

8289849. 
8300998. 
8305447. 
8307131. 
8307777. 
8307839. 

-0. 
-0. 

1000000. 
1000000. 
1 0 0 u 0 0 0 .  
1000000. 
1000000. 
1000000 .  

1000000. 
1000000. 
900000. 
900000. 
900000. 
900000. 
900000. 
900000. 

( L i s )  

i u o o o n o .  

9ooono. 
9ooono. 
900000 
200000.  
200000. 
200000. 
200000. 
200000. 
200000. 

DRAG 
(LRS) 

.o 
14392 - 9  
17531.3 
33090.9 
52323.2 

93975.5 
241553.1 
408669.8 
322109 .4 
232928.8 
153161 . O  
85119.2 
42269.0 
18824.U 
7994 .8 
3086.8 
2535.0 
2535.0 
1553.0 

.o 

.o 

.o 

.o 

6 2 7 ~ 6 . 8  

.n 

.n 

.n 

.0 

.n 

.o 

.o 

.0 

.o 

.o 

.0 

.0 

.o 

.o 

.0 

.0 

.n 

.n 

.n 

.0 

ALPHA 
(DEGI 
.000 
. a00  

- .OB5 
.oon 
.on0 
,000 
,000 
.ooo 
.no0 
.ooo 
.on0 
.ooo 

.no0 

.on0  

.000 

.ooo 

.oon 

.on0 

.no0 

.on0 
13.205 

14.120 
14.120 

16.828 
19.576 
20.912 

19.825 
19.626 
19.636 
19.163 
18.3Q3 
17.489 
16.456 
15.300 
14.026 
12.638 
12.399 
17.399 
12.081 
9.5h7 
h.807 
3.823 
7.203 

20.950 

H E A T I " 1 6  
I L R / F T )  

. i 334 tnu 

.7974tnu 

. 7 ~ i i t n 5  

. i ~ m t n 6  

.7445tOh 

.225Q+07 

. 5 m ~ t n 7  . i i 7 7 t n ~  

. ~ i n i t n ~  

.32'7+nA 

. 4 3 9 i t n ~  

.54 I 44 ne . h 1 9Qt 18 
,6775t18 
. 7 0 ~ , 7 + r ) R  
.7754+nR 
. 7 m i  t n n  
. 7 m 1  t n R  
.7375+(1R 



TEST CASE FOR MEMO DATE 2 7 0 2 6 8  

OPTIMIZATION HISTORY 

SECTION 1 

LOWER LIMITS OF OPTIMIZED AND OPTIMIZ ING 

UPPER L I M I T S  

SOLUTIONS FOR 
0 
0 
0 
1 
2 

EX = ~ 1 5 0 0 0 0 ~ 0 * 0 3  C - .16755161-02,  

G = . 1 8 4 9 9 9 9 9 + 0 3  D = - .12566371-020 

TIMOP AKICK 
. 1 8 ~ 5 1 3 5 7 + m  - .13962634-02 
. 1 8 4 8 0 7 3 3 + l l 3  - .13543755-02 
.1827559RtO3 -. 14381513-02 
.18252663+03 -. 14767953-02 
. 1 0 2 5 2 6 6 0 t O 3  - .14771785-02 



-. - -  _-.. --- - -A - , 
PLANET PLANET EQUATOR1 AL GRAVITATIONAL *ROTATIONAL 
NAME : IDENTIFIER , RADIUS (FT) I CONSTANT SPEED ' (FT3/SEC2) ( RAD~SEC) 

Mercury 

Venus 

Earth 

Mars 

J u p i t e r  

S a t u r n  

El-anus 

Neptune  

1 

2 

3 

4 

5 

6 

7 

8 

' Pluto 9 '_ 

7,939,536 ! 7 . 7  x .82596 x 

19 ,684 ,800  ' 1 . 1 4 7 2  x .36342 x 

20 ,925 ,467  1 . 4 0 7 6 6  x 1016j .72884 x 

.70846 x 

, 16719  x 

-IC 

1 1 , 1 8 7 , 5 2 8  1 . 5 1 6  x l o =  
234 ,249 ,120 4 .4747 x 10 18 

198 ,160 ,320  2 .044  x 1 0  

77 ,098 ,800  2 . 0 4 4  1 0 ~ 7  

73 ,161 ,840 2 . 4  1 0 ~ 7  
x 1 0  1 6  22 ,965 ,600  1.1 

.16303  x l o m 3  

. 1 1 0 4 0  x 

.110404x X O - 3  

TABLE 1: Planetary Constants 



4 

? 

I n i t i a t e  O p t i m i z a t i o n  
I 

+-..--- 

I 
i t  i a t  e T a r g e t i n g  

-- 
i---]Run One ' ? t e r a t i o n  
! 

6 e -  s e c a n t  method 
I t o  change t a r -  

s o l u t i o n  
enaugh 

' e y e s  

Has 

a n g l e  

F i g u r e  2 


